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WO 97/47347 PCT/US97/10162 

INHALER APPARATUS WITH MODIFIED SURFACES 
FOR ENHANCED RELEASE OF DRY POWDERS 

Related co-pending U.S. patent applications include Serial Nos. 08/630,049 ("Acoustic 
Dispenser," filed April 9, 1996, and its continuation-in-part filed simultaneously herewith), 
08/630,050 ("Electrostatic Chucks," filed April 9, 1996) and its continuation-in-part, filed 
simultaneously herewith, 08/630,012 ("Chucks and Methods for Positioning Multiple Objects 
on a Substrate," filed April 9, 1996), 08/471,889 ("Methods and Apparatus for Electronically 
Depositing a Medicament Powder Upon Predefined Regions of a Substrate," filed June 6, 
1995, and continuation-in-part thereof filed June 6, 1996), 08/467,647 ("Apparatus for 
Electrostatically Depositing and Retaining Materials Upon a Substrate," filed June 6, 1995) and 
08/506,703 ("Inhaler Apparatus Using a Tribo-Electric Charging Technique," filed July 25, 
1995) describe, inter alia, the electrostatic deposition of objects, such as particles of powder, 
on a substrate, such as an inhaler substrate. The foregoing patent applications are hereby 
incorporated herein by reference, in their entirety. 

In one aspect, the present invention provides an inhaler apparatus comprising interior 
surfaces having contact with a medicament for inhalation, the interior surfaces including the 
interior of the mouthpiece and the substrate with medicament deposited thereon. According to 
the invention, at least one of such interior surfaces have indentations or raised areas therein, the 
raised areas having valleys between them. These surface modifications provide a mechanism 
for minimizing the area of contact between the medicament and the surfaces of the inhaler, 
thereby promoting release of the medicament from the inhaler. 

Numerous approaches have been taken in the design and manufacture of dry powder 
inhalers. For example, WO 93/09832 discloses an inhalation device having an elongate carrier 
of medicament powder, the medicament powder being released after impact from a hammer, 
the inhalation device having a convoluted channel to deagglomerate the medicament powder. 

The disadvantages of the inhalers of the prior art include, for example, the inability of a 
patient suffering from a respiratory disorder, such as asthma, to inhale with sufficient force to 
receive an entire dosage. For example, a patient may only be able to generate an air flow rate 
of about 15 liters per minute. In most dry powder inhalers, the patient's inhalation supplies the 
energy required to dispense the medicament from the inhaler. The air flow rate generated by 
the patient's lungs significantly affects the amount of medicament that ultimately exits the 
inhaler and reaches the lungs. 
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Another disadvantage of the inhalers of the prior art includes the inability to accurately 
determine the amount of medicament dispensed, since the inhaler may dispense a greater or 
lesser amount of medicament, depending upon the patient's air flow rate, for example. 

A further disadvantage of the inhalers of the prior art is a problem of agglomeration of 
the medicament powder Agglomerated particles generally impact the mouth and throat rather 
than remaining in the air flow for deposition on the lungs. One of the approaches to remedying 
this problem has been the provision of tortuous channels in the inhalers of the prior art to 
promote deagglomeration. This approach suffers from drawbacks, however, such as the 
deposition of the medicament along the channels, thereby leading to inaccurate dosage 
dispensing. 

Another disadvantage encountered in the inhalers of the prior art is unintended 
dislodging, in which the medicament is discharged, for example, upon dropping the inhaler. 

For the foregoing reasons, there is a need for a dry powder inhaler capable of delivering 
an accurate unit dosage of medicament at a low flow rate, such as 15 liters per minute, yet 
which substantially retains the medicament upon impact, such as dropping the inhaler. 
SUMMARY OF THE INVENTION 

The present invention is directed, in part, to an inhaler apparatus comprising interior 
surfaces having contact with a medicament for inhalation, the interior surfaces including an 
interior surface of a mouthpiece and a surface of a substrate with medicament deposited 
thereon, at least one of such interior surfaces comprising indentations or raised areas therein, 
the raised areas having valleys therebetween. In certain preferred embodiments, the interior 
surface is a surface on a substrate having medicament deposited thereon, and in other preferred 
embodiments, the interior surface is an interior surface of the mouthpiece of the inhaler. 
Preferably, the indentations or raised areas are of dimensions and spacings selected to reduce 
the amount of medicament particles that can contact a smooth surface of the substrate. 
Preferably, both the surface of the substrate and the mouthpiece and any other surfaces having 
contact with the medicament have indentations or raised areas therein, or any other surface 
structure for decreasing the area of contact between the selected medicament and the surface. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graphical representation of 3 forces that adhere particles to the substrate of 
the inhaler; electrostatic forces ("Fe"), charge imaging forces v"Fim") and van der Waals forces 
("Fv"). 
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Figures 2A-E are micrographs of release of a powder from a polypropylene substrate 
with indentations therein, in the form of grooves. The magnification shown in Figures 2A-E is 
42x. Figure 2 A shows the powder before release; Figure 2B shows the powder remaining after 
being subjected to an air flow of 15 liters per minute; Figure 2C shows the powder remaining 
after being subjected to an air flow of 30 liters per minute; Figure 2D shows the powder 
remaining after being subjected to an air flow of 45 liters per minute; and Figure 2E shows the 
powder remaining after being subjected to an air flow of 57 liters per minute. 

Figure 2F is a graphical representation of data obtained for the release of powder from 
the substrate shown in Figures 2A-E at increasing flow rates. 

Figures 3A-C are photomicrographs of an inhaler substrate. Figure 3A is a 
photomicrograph of a polypropylene substrate with indentations therein, in the form of 
grooves; Figure 3B is a micrograph of the same substrate with powder deposited thereon, and 
Figure 3C is a micrograph of the same substrate after release of the powder. 

Figures 4A-C are photomicrographs of an inhaler substrate made of silicon with 
grooved indentations in the surface as the substrate. Figure 4A is a photomicrograph of the 
substrate; Figure 4B is a micrograph ofihe same substrate with powder deposited thereon, and 
Figure 4C is a micrograph of the same substrate after release of the powder. 

Figures 5A-C show a higher magnification of the photomicrographs of Figures 4A-C. 

Figures 6A-C show a higher magnification of the photomicrographs of Figures 5A-C 

Figure 7 is a photograph of an embodiment of a mouthpiece of an inhaler of the 
invention, the arrow pointing to the air inlets of the mouthpiece. 

Figures 8A and 8B are cross-sectional views of one embodiment of the inhaler 
apparatus of the invention. Figure 8A shows the inhaler without an electronic assisting means, 
and Figure 8B shows the inhaler with an electronic assisting means. 

Figure 9 is a photograph of a set-up used to test release of the powder from the substrate 
of an inhaler. 

Figure 10 is a graphical representation of the amount of medicament powder released 
from a planar substrate as compared to a substrate with grooved indentations therein. 

Figures 1 1 A and 1 IB are a diagrammatic cross-section of one embodiment of a 
substrate having medicament deposited thereon, the substrate being configured for 
electronically assisted release of the medicament. 

Figures 12A and 12B are a diagrammatic cross-section of another embodiment of a 
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substrate having medicament deposited thereon, the substrate being configured for 
electronically assisted release of the medicament. 

Figure 13 is a cross-sectional schematic view of an electrostatic chuck with floating 
electrodes on the upper conductive layer for charge imaging. 

Figure 14 is a top view of a floating electrode of Figure 13. 
DETAILED DESCRIPTION OF THE INVENTION 

After depositing a powder onto a substrate of an inhaler, the powder is preferably 
accurately released upon inhalation by a patient. One of the obstacles to release that must be 
overcome is the adherence of the powder particles to the substrate. One of the forces holding 
the particles onto the substrate is a van der Waals force. Another one of the holding forces is 
the electrostatic force. A third holding force is a charge image force, generated by the charge 
of the powder particle in the local area of the substrate upon which it is adhered. It is believed 
that these forces vary in magnitude depending upon, for example, the conductivity of the 
substrate. It is believed that the van der Waals attraction increases over time, and the rate of 
increase is related to the rate of particle deformation due to greater contact area. Also, it is 
believed that these forces increase as the particle size increases. See, for example, Figure 1 , 
which is a graphical representation of mathematical calculations of the foregoing forces. 

In many embodiments of the present invention, the medicament is deposited on the 
substrate using an applied electric field to adhere charged medicament particles. After 
deposition, this applied field is preferably shut off and efforts are made to minimize the van der 
Waals force adhering the particles, thereby minimizing adhesive forces other than the image 
force. 

Minimization of Attractive Forces 

The above-described problems are addressed, among others, by the current invention. 
In one aspect, the present invention provides for inhalers with modified substrates which alter 
the attractive forces. Preferably, greater than about 70%, and preferably greater than about 
80% of the medicament is released upon inhalation. Preferably, the air flow required for 
release of about 80% to about 100% of the medicament in a dosage unit is less than about 60 
liters per minute; more preferably, less than about 30 liters per minute, and even more 
preferably, no greater than about 15 liters per minute. See, for example, Figures 2A-E which 
show release of a medicament from a textured substrate having grooved indentations at 15 
liters per minute (B), 30 liters per minute (C), 45 liters per minute (D), and 57 liters per minute 
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(E). See also Figure 2F which is a graph of the data obtained and which shows the increasing 
release of medicament from the substrate as air flow increases. Example 1 provides the data 
used to generate the graph shown in Figure 2F. The deposition technique used in this example 
involved ion printing according to Serial No. 08/471 ,889. In preferred embodiments of the 
present invention, an electrostatic chuck is used to deposit electrostatically charged 
medicament onto the inhaler substrate, as described, for example, in U.S. Serial No. 
08/630,050. A preferred deposition technique, using an electrostatic chuck, is believed to 
result in a higher percentage of release of the medicament from the inhaler substrate. Other 
deposition techniques can also be used with the modified inhaler substrates of the invention. 

The inhaler substrate is preferably modified to minimize the surface area of the contact 
between the particles of the powder and the surface of the substrate, for those particles having a 
selected size. Particles having the desired size will have minimal contact with the substrate, 
and will therefore be more likely to be released from the substrate. In addition to making it 
more likely to release the desired particles, the modified substrate can be configured so that 
particles having an undesirable size are trapped. For example, if the surface area of contact 
between the particle and the substrate is high, such as with a particle having a size below the 
selected size, the higher contact leads to trapping the particle on the substrate rather than 
releasing it. 

The minimization of the area of contact is preferably accomplished in the following 
ways. The surface area of contact can be minimized, for example, by providing indentations in 
the plane of the surface, or by providing raised areas in the plane of the surface. In preferred 
embodiments of the invention, at least one interior surface of the inhaler has indentations or 
raised areas with valleys there between, or other surface modification for decreasing the area of 
contact between the selected medicament particles and the interior surface of the inhaler in 
contact with the medicament. The contact of the medicament with the surface can occur, for 
example, before inhalation or during inhalation, such as contact with the substrate during 
deposition before inhalation, or contact with an interior surface of the mouthpiece during 
inhalation. Preferably, both the surface of the substrate upon which medicament is deposited 
and the mouthpiece and any other surfaces having contact with the medicament have 
indentations or raised areas therein, or any other surface structure for decreasing the area of 
contact between the selected medicament and the surface. 

The indentation or raised area may be, for example, linear, tortuous, curved, circular, or 
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any other desired configuration. In certain preferred embodiments, the indentations are in the 
form of linear grooves, which provides, for example, for ease of manufacturing. See, for 
example, Figures 3A-C, which show release from a polypropylene substrate having grooved 
indentations. 

Specifically, Figure 3A is a micrograph of the substrate, which has grooved 
indentations therein, prior to deposition. Figure 3B is a micrograph of the substrate of Figure 
3 A after deposition of the medicament powder thereon. Figure 3C is a micrograph of the 
substrate of Figure 3B after release of the medicament from the substrate. Figures 4A-4C show 
the corresponding series of micrographs with a grooved silicon substrate. Figures 5A-5C and 
6A-6C show the same series of materials, except at increasing magnifications. A 100 micron 
bar is provided in Figures 4A-4C and 5A-5C for size reference, and a 10 micron bar is 
provided in Figures 6A-6C. 

Preferably, the depth of an indentation or the height of a raised area is slightly smaller 
than the size of the smallest particle desired to released from the inhaler, such as about 5% to 
about 50% smaller, and more preferably, about 5% to about 20% smaller than the smallest 
selected particle. 

The width of the indentation or the valley between two raised areas is preferably 
slightly smaller than the diameter of the smallest particle selected to be released, such as about 
5% to about 20% smaller, and more preferably, about 10% to about 20% smaller. For 
example, if the particles to be released from the inhaler have a selected size of about 2 to about 
6 microns, the width of the indentation or valley will preferably be about 1.8 microns. 
Preferably, the diameter of the indentation or valley is less than the diameter of the minimum 
respirable medicament particle size. For example, the pitch of the substrate, measured from the 
center of a valley to the center of a raised area, is preferably about 1 to about 2.5 microns for 
dispensing particles from about 2 to about 6 microns. Particle size can be determined, for 
example, using scanning electron microscopy. 

In addition to indentations and raised areas, the surface area of the contact between the 
medicament and the substrate may be decreased, for example, by using a perforated substrate. 
Furthermore, more than one such modification may be made to a single substrate. Preferably, 
the entire surface area of the surface in contact with the powder particles is modified to have 
minimized contact with the medicament powder. 

A further aspect of the present invention is the use of a selected material to form the 
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surface of the substrate in contact with the powder particles. Preferably, the material is 
selected in part on the basis of low surface energy. See, for example, Kaelble, Physical 
Chemistry of Adhesion at pages 149-164 (John Wiley & Sons 1971), which is hereby 
incorporated by reference herein in its entirety. Preferably, the surface energy of the surface in 
contact with the powder particles is between about 10 to about 25 dynes/cm. More preferably, 
the surfaces, when uncharged, have no substantial van der Waals or electrostatic interaction 
with the medicament. Furthermore, the material is preferably substantially chemically 
unreactive with the medicament. Examples of materials that can be used for such surfaces 
include perfluorinated polymers such as polytetrafluoroethylene ("TEFLON"), silicone, silicon 
alumina ceramic, polymeric photoconductor, polycarbonate, polyimide, polypropylene and 
polyethylene. In some embodiments, the surface has reacted with a silane, such as fluorosilane 
or aminosilane, to form a film having a low surface energy. Alternatively, for example, the 
surface can be treated to apply a perfluorinated polymer film. See, for example, U.S. Patent 
No. 4,252,848, which is incorporated by reference herein in its entirety. See also, for example, 
the chapter entitled "The Properties of Fluorocarbon Films Prepared by Plasma Polymerization 
of 1,3-Perfluorodimethylcyclohexane" in S. Peprck and J. Hertz, eds., 4th International 
Symposium on Plasma Chemistry (vol. 1 1979) at pages 152-163, which is hereby incorporated 
by reference herein in its entirety. 

The material forming the surface in contact with the powder particles is also preferably 
selected on the basis of low chemical reactivity with the powder particles. For example, if the 
powder to be deposited upon the substrate is a charged or polar particle, the surface of the 
substrate is preferably not charged or polar. The materials used to form the surfaces in contact 
with the medicament are preferably selected to minimize the van der Waals and electrostatic 
adhesion of the medicament, as well as to minimize chemical reactivity. 

Further, the material used to form the surface in contact with the medicament is 
preferably hard, and not pliable, particularly since pliability tends to increase contact area. See, 
for example, Nielsen, Mechanical Properties of Polymers and Composites (Marcel Dekker 
Inc., NY 1974) at pages 367-369, which is hereby incorporated by reference herein in its 
entirety. Preferably, the material has a Vickers hardness greater than about 10 kp/mm 2 , such as 
polystyrene, polymethyl methacrylate, polycarbonate, polyacetal, polyethylene terephthalate 
and phenolic resin. 

Preferably, the material used to make a surface in contact with the medicament is a 
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polymer. Preferred materials for use in such surfaces include polytetrafluoroethylene, silicon, 
alumina ceramic, aluminized organic photoconductor, polyvinyl carbazolc, polycarbonate, 
polyimide and polyethylene. In certain embodiments, the indentations are the grooves present 
in an alumina ceramic printed board. See, for example, Figures 4-6. Such a printed board can 
be produced using standard photolithography techniques. In one embodiment, a die stamp 
having 2 micron spaced grooves is used to emboss a substrate, thereby creating a substrate with 
the desired indentations therein. See, for example, Figure 3. 

In certain preferred embodiments, the surface is treated with a silane, such as 
fluorosilane or aminosilane. In some embodiments, polyimide is not preferred since in some 
instances, it may adhere a powder due to a chemical or electrostatic interaction. Preferably, the 
materials used and the surface treatment, if any, are pharmaceutically acceptable and do not 
cause substantial toxicity. 

The size and shape of the substrate can be selected based upon the application. In some 
instances, for example, the substrate will be in the form of a disk or elongated such as a tape. 
Preferably, multiple dosage units are deposited onto the substrate, each dosage unit being in a 
discrete area, separated by an area of the substrate having no powder deposited thereon. In 
preferred embodiments, the substrate is sealed for protection, such as against the environment, 
including humidity, as well as for sterility. 

The advantages of the inhaler apparatus of the present invention include its operation in 
releasing powder without the use of mechanical force, such as a hammer. The requirement of 
mechanical force to release the powder may mean that the powder is unintentionally released, 
for example, upon dropping the inhaler. 

Although the inhalers of the present invention are designed for release of the 
medicament powder upon inhalation, preferably they do not release the medicament prior to 
inhalation. Preferably, for example, the medicament will remain on the substrate after the 
inhaler apparatus is subjected to a drop test, such as dropping the inhaler into a tube from a 
height of about 48 inches at a temperature of about 65 degrees Celsius and a relative humidity 
of about 65%. 

In preferred aspects of the present invention, the inhaler apparatus further includes a 
mouthpiece with a configuration that prevents adherence of the medicament powder. For 
example, the mouthpiece preferably has an interior surface that is selected to resist adhering the 
powder particles. For example, the interior surface preferably has indentations or raised areas 
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thereon, such as the modifications described above, to promote release of the powder. 
Preferably, the surface area of the interior surface of the mouthpiece is increased by using 
indentations in the form of grooves that are parallel to the direction of air flow in the 
mouthpiece, preferably causing substantially laminar air flow. 

In additional preferred aspects of the present invention, the mouthpiece has multiple air 
inlets with a channel connected to each inlet for the enhancement of release of medicament 
powder. See, for example, Figure 7, in which the arrows point to the inlets. The channel 
connects the interior of the mouthpiece to the ambient atmosphere through an opening termed 
an "air inlet hole." Preferably, the air inlet hole is created, such as drilled, at an angle, 
preferably about 20 to about 70 degrees, and more preferably, about 45 degrees. Preferably, 
each channel extends from the corresponding air inlet at an angle of about 20 degrees to about 
70 degrees. More preferably, the channel forms an angle of about 45 degrees from the horizon. 
In preferred embodiments, the channels are cylindrical and have a diameter of less than about 
5 mm, such as about 0.1 to about 5 mm, or in some embodiments less than about 0.1 mm. 
Preferably, the mouthpiece is configured to maximize air flow between the powder and the 
substrate so that the powder is readily released from the substrate upon inhalation. In certain 
preferred embodiments, there are about 2 to about 20 air inlets and corresponding channels, 
and in other preferred embodiments, there are about 4 to about 8 air inlets. 

Preferably, the air inlets can be opened and closed at will by the patient, or 
automatically via a shuttering mechanism, to maintain a constant pressure drop regardless of 
the air flow. 

Illustrations of embodiments of the inhaler apparatus of the invention having multiple 
air inlets with channels connected to each inlet are provided in Figures 8A and 8B. Figure 8A 
shows a mouthpiece 94 with air inlets 82 having channels 83 attached thereto. A shuttering 
mechanism 84 is provided for several of the air inlets. The mouthpiece 94 is in air flow 
communication with the substrate 86 having medicant 87 (not shown) deposited thereon. The 
substrate 86 is in the form of an elongated tape, which is provided by reel 92 and taken up by 
reel 90. The substrate has a seal (not shown) which is taken up by reel 88. Figure 8B 
illustrates the inhaler of Figure 8 A, further including an electronic release mechanism (not 
shown) powered by a battery 96. 

In certain embodiments, each air inlet is connected via the channel to a portion of an 
individual dosage. For example, a dosage of 100 micrograms can be administered by aligning 
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each of four 25-microgram dosages with each of four air inlets. 

Preferably, only particles of the desired size, such as the respirable fraction, are 
deposited onto the substrate of the inhaler. Since the apparatus is preferably used with the 
medicament deposited in the desired particle range, and since in preferred embodiments, a 
substantial amount of undesired particle size range may be trapped on the substrate, there may 
be no need for additional devices to promote deagglomeration. Thus, the present invention 
provides advantages over inhalers requiring devices to deagglomerate, such as tortuous 
channels, that can trap medicament. In certain pharmaceutical applications, preferably the size 
of the particles dispensed by the inhaler is no greater than about 15 microns, and more 
preferably, no greater than about 10 microns. 

In preferred embodiments, the substrate of the inhaler is equipped with a conductive 
layer for electronic assistance of release of the powder, as described in co-pending application 
entitled "Inhaler Apparatus with an Electronic Means for Enhanced Release of Dry Powders", 
filed simultaneously herewith. 

The inhaler can also be equipped with other mechanisms for enhancing release, 
including an electron emitter such as a diamond tip emitter or other electron emitter, in order to 
neutralize the charge holding the powder onto the substrate. Alternatively, for example, the 
substrate upon which the medicament is deposited may be a photoconductive substrate that 
releases the medicament upon the application of light. 
Release Enhancement Usinz an Electric Field 

The present invention is also directed, in part, to an inhaler apparatus comprising a 
substrate with a medicant deposited thereon, the substrate comprising a conductive layer and a 
dielectric layer thereon. In certain embodiments, the conductive layer comprises at least one 
wire embedded in the substrate, and in other embodiments, the conductive layer in the substrate 
has openings therein, such as a mesh. Preferably, the conductive layer is connected to a voltage 
source. Further, in certain preferred embodiments, the conductive layer comprises at least one 
floating electrode, and the medicant is preferably deposited on the substrate in a pattern 
determined by the floating electrodes. 

In preferred embodiments, the inhaler further comprises a second conductive layer 
positioned above the substrate without having contact with the substrate. Preferably, the 
second conductive layer has openings therein, and more preferably, the openings of the second 
conductive layer have a diameter of about 1 .5 times the average diameter of the particles of 
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medicant. In certain preferred embodiments, the voltage source is connected to the conductive 
layer in the substrate and the second conductive layer above the substrate. Preferably, the 
openings in the conductive layer in the substrate, when present, have a diameter approximately 
equal to the diameter of the openings in the second conductive layer above the substrate. 
Preferably, the openings of the second conductive layer have a diameter of about 1.5 times the 
average diameter of the particles of medicant. 

In other preferred embodiments, the inhaler apparatus further comprises a third 
conductive layer positioned below the substrate, and the voltage source is preferably connected 
to the second conductive layer above the substrate and the third conductive layer below the 
substrate. 

In another aspect, the present invention provides a method for dispensing a medicant 
from an inhaler, comprising: (a) providing an inhaler with a substrate having a medicant 
deposited thereon, said substrate comprising a conductive layer and a dielectric layer and a 
voltage source connected to said conductive layer, and (b) actuating the voltage source. 

Preferably, the voltage source is actuated substantially simultaneously with air flow, 
and the actuation is preferably a pulse having a duration of about 300 microseconds to about 1 
millisecond. The voltage used is preferably from about 500 to about 2000 volts. 

Thus, in another aspect, the present invention provides for inhalers with electronic 
means for enhanced release of dry powders. The electronic means for enhancing release is 
provided in preferred embodiments of the invention by a substrate of the inhaler comprising a 
conductive layer and a dielectric layer, the dielectric layer having contact with the powder 
deposited thereon. The conductive layer serves in one aspect to provide an image charge in 
response to the charge of the deposited medicament, thereby providing a force favoring the 
adherence of the medicament to the dielectric layer. Preferably, the dielectric layer is 
sufficiently thick to sufficiently shield the image force prevent the substrate from adhering the 
powder too tightly, but is also thin enough to allow a sufficient image force to prevent the 
powder from releasing prematurely, such as due to the force of impact if the inhaler is dropped. 

For example, in order for a powder particle having a chargermass ratio of q/m on a 
dielectric layer having a thickness d and dielectric constant er to withstand a force of 500x 
gravity, e<> being the dielectric constant of free space, and ignoring the van der Waals attraction, 
the following equation applies: 
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500x g < (q/m) 2 m 
4peoerd 2 

Assuming, for example, that q/m = 30 mC/g, m = 7 pg and e r = 2, d can be at least as 
large as 76 mm. In reality, it is believed that in many cases the holding force will be stronger 
than 500x g due to the van der Waals attraction. The above equation can be used as a general 
guideline in determining the preferred thickness of the dielectric layer of the substrate. 

The substrate of the inhaler has powder deposited thereon which is released upon 
inhalation. One means of powder deposition is ion printing, such as the technique described in 
Serial No. 08/471,889. Preferably, however, the substrate is not pre-charged prior to 
deposition of the medicament powder to attract the powder to the substrate. Instead, an 
electrostatic chuck is preferably used to electrostatically attract charged powder for deposition. 
For example, in certain preferred embodiments, the substrate itself forms an electrostatic 
chuck. Specifically, the conductive layer of the substrate has the configuration of an 
electrostatic chuck with floating electrodes for charge imaging, described in co-pending patent 
application Serial No. 08/630,050 (entitled "Electrostatic Chucks," filed April 9, 1996) which 
is incorporated herein in its entirety. The powder can be deposited on the substrate using an 
acoustic dispenser described in co-pending patent application Serial No. 08/630,049 (entitled 
"Acoustic Dispenser," filed April 9, 1996) which is also hereby incorporated herein by 
reference, in its entirety. 

Briefly, an electrostatic chuck for charge imaging comprises three layers, preferably 
with an optional fourth layer. The bottom layer is the lower conductive layer, which is also 
known as the backing electrode. The second layer, on top of the lower conductive layer, is a 
dielectric layer. The third layer is an upper conductive layer on top of the dielectric layer, and 
this upper conductive layer has two types of electrodes, floating electrodes and shielding 
electrodes. In preferred embodiments, the floating electrodes are electrically isolated from the 
other conductors, and there is a gap between the floating and shielding electrodes. The fourth 
layer, on top of the upper conductive layer, is a dielectric layer, which is preferably the layer 
having contact with the medicament powder, the thickness of this layer being the subject of the 
above mathematical formula. Preferably, this layer is made of polyimide or another material of 
high dielectric strength. Without being limited to a particular theory, it is believed that when a 
potential is applied across the shielding and backing electrodes, a charge redistribution occurs 
on the floating electrodes. This charge redistribution causes electrostatically charged objects to 
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be attracted to the areas of the chuck corresponding to the floating electrodes, thus resulting in 
deposition in these areas. Preferably, there is a high fringing field in the gap between the 
floating and shielding electrodes, but this field is preferably not large enough to cause electrical 
discharge. 

See, for example. Figure 13, which is a cross-sectional schematic view of an 
electrostatic chuck with floating electrodes on the upper conductive layer for charge imaging, 
Figure 14, which is a top view of a floating electrode of Figure 13. See also co-pending 
application U.S. Serial No. 08/630,050 "Electrostatic Chucks"), filed April 9, 1996, a 
continuation-in-part of which has been filed simultaneously herewith. Referring to Figure 13, 
for example, the chuck 1 1 10 has a lower conductive layer 1 120, with a dielectric layer 1 130 on 
top of it. The dielectric layer has an upper conductive layer 1 140 on top of it. The upper 
conductive layer 1 140 is electrically connected, but with a gap 1 150 between a shielding 
electrode 1 160 and a floating electrode 1 170. A top view of the upper conductive layer 1 140 is 
shown in Figure 14, with the floating electrode 1 170 in the center, and a gap 1 150 between the 
floating electrode and the surrounding shielding electrode 1 160. 

The floating electrodes of the charge imaging chuck determine the pattern of deposition 
of the medicament powder on the substrate, and hold the powder thereon. During the 
deposition of powder, the charge imaging chuck is electrically connected to a power source, 
which is subsequently disconnected after deposition. The floating electrodes can be 
configured, for example, to spatially determine individual dosages on the inhaler substrate. For 
example, the conductive layer 100 of the substrate 101 illustrated in Figures 1 1 A and 1 IB can 
be a charge imaging chuck. The conductive layer of this chuck can also be used for the 
electronically assisted release of powder according to the present invention. 

Specifically, Figures 1 1 A and 1 IB are a diagrammatic cross-section of a substrate 101 
having medicament deposited thereon, the substrate having a conductive layer 100 and a 
dielectric layer 105. The surface 103 of the substrate 101 in contact with medicament 107 is 
preferably modified according to co-pending application, filed simultaneously herewith, 
entitled "Inhaler Apparatus with Modified Surface for Enhanced Release of Dry Powders." 
During assisted release, a conductive layer 109, illustrated as a mesh, is positioned above the 
substrate and a voltage is applied across these two conductive layers, as shown in Figure 1 IB. 

Thus, according to one aspect of the present invention, upon inhalation by a patient, the 
powder is released from the inhaler using an electronic mechanism to assist release. 

13 



WO 97/47347 



PCT/US97/10162 



Preferably, the conductive material in the substrate is subjected to an electric pulse. 

In certain preferred embodiments, such as when the substrate is solid, in order to release 
the medicament from the substrate of the inhaler, a potential is applied to the conductive layer 
in the chuck. Preferably, a conductive material, such as a mesh, is placed above the substrate 
during release, without having contact with the substrate, and an electric potential is applied 
between the substrate and the mesh. See, for example, Figure 1 IB. 

A high voltage pulse is applied across the mesh and the conductive layer in the 
substrate to trigger release. Preferably, the pulse is synchronized with and triggered by air flow 
due to inhalation. For example, the inhaler preferably has a switch that activates the pulse 
upon air flow due to inhalation. The activation is preferably a pulse having a duration of about 
300 microseconds to about 1 millisecond. The voltage used is preferably from about 500 to 
about 2000 volts. 

The substrate can alternatively include a conductive layer that is not a charge imaging 
chuck. For example, the substrate may have a conductive layer with multiple holes, forming a 
mesh. For release, a second conductive layer having holes therein can be placed above and 
below the substrate, without having contact with the substrate. An electrical connection 
between the two conductive layers above and below the substrate provides for electronically 
assisted release of the powder from the substrate. See, for example, Figures 12A and 12B. 
Preferably, a conductive layer placed above or below the substrate is located from about 1 mm 
to about 2 mm from the substrate. During release, a high voltage pulse is applied across the 
two conductive meshes. Preferably, the pulse is synchronized with and triggered by air flow 
due to inhalation. 

Figures 12A and 12B are a diagrammatic cross-section of a substrate 200 having 
medicament 107 deposited thereon, the substrate 200 being a mesh. During assisted release, 
two conductive layers 202 and 204, illustrated as meshes, with holes therein, are positioned 
above and below the substrate and a voltage is applied across these two conductive layers, as 
shown in Figure 12B. When the substrate has holes therein, two conductive layers, one above 
and one below the substrate, are preferably used to release the medicament from the substrate. 
Without being limited to a particular theory, it is believed that the use of the two conductive 
layers with a potential applied across them, enhances the release of powder from the substrates 
with holes therein in an upward direction, toward the mouthpiece. Preferably, the thickness of 
the substrate is about 1 mil to about 30 mils. 
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When the conductive material of the substrate has holes therein, such as a mesh, the 
holes are preferably configured to maximize air flow so that a substantial amount of the powder 
is released, and in preferred embodiments, are from about 600 microns to about 2 millimeters 
in diameter. Preferably, the mesh is made of a metal, such as stainless steel, and the mesh is 
preferably coated with a dielectric, such as polytetrafluoroethylene ("TEFLON"). The mesh 
can be a part of the mouthpiece, for example, and is preferably aligned with a single dose prior 
to inhalation. 

Alternatively, for example, the substrate of the inhaler, upon which the medicament is 
located, can have embedded therein a solid conductive material. For example, the substrate 
may have embedded therein a wire or multiple wires. Preferably, the conductive material is a 
metal. 

The power source for the electronic assistance is shown in the context of an exemplary 
inhaler in Figure 8B, which is a diagrammatic illustration of an embodiment of the inhaler 
apparatus of the invention having an electronic release mechanism (not shown) powered by a 
battery 96. In this embodiment, multiple air inlets 82 have channels 83 connected to each inlet 
to increase release of the powder from the mouthpiece 94. A shuttering mechanism 84 is 
provided for several of the air inlets 82. The mouthpiece 94 is in air flow communication with 
the substrate 86 having medicant deposited 87 thereon (not shown). The substrate 86 is in the 
form of an elongated tape, which is provided by reel 92 and taken up by reel 90. The substrate 
has a seal (not shown) which is taken up by reel 88. 

The electronic assistance of release can be combined with other mechanisms for 
promoting release, including but not limited to the use of a substrate having grooved 
indentations to reduce the amount of surface area of the substrate in contact with the powder 
particles. 

It will be understood by those skilled in the art that the inhalers of the invention can be 
used with numerous types of medicaments, and in addition to oral administration, the inhalers 
of the invention can be used with nasal administration. The biological agents that can be 
medicaments are generally substances such as chemicals that can act on a cell, virus, tissue, 
organ or organism, including but not limited to drugs (i.e. pharmaceuticals) to create a change 
in the functioning of the cell, virus, organ or organism. Preferably, the organism is a mammal, 
more preferably a human. 

As mentioned above, the present application claims the priority of U.S. Application No. 
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08/66 1,212, filed June 10, 1996 (Attorney Docket DSRC 12212) and a continuation in part of 
U.S. Application No. 08/661,212, filed June 10, 1996 (Attorney Docket DSRC 1 1894). These 
priority applications are hereby incorporated by reference into the present disclosure in their 
entireties. 

The present invention is further illustrated by the following non-limiting examples. 
Example 1. Release of Powdered Medicament from Modified Substrate 

A modified polypropylene substrate, as shown in Figure 3 was tested for release of a 
powdered medicament, mometasone furoate. A 2 cm 2 square of substrate was first weighed in 
milligrams on a microbalance ("sub(mg)"). Then, powdered medicament was deposited on the 
substrate, using the ion printing technique disclosed in U.S. Serial No. 08/471,889. The 
medicament was deposited in four dots, using several bursts of air to dispense a powder cloud. 
Next, the substrate was weighed with the medicament thereon ("sub+drug," which is provided 
in mg). The weight of the medicament ("drug(mg)") was determined by substracting the 
weight of the substrate before deposition ("sub(mg)") from the weight of the substrate after 
deposition ("sub+drug"). Two weight measurements were taken for each data point, and the 
two weight measurements were averaged ("average"). 

To dispense the powder, the substrate was placed in an apparatus such as that shown in 
Figure 9, and an inhaler mouthpiece was attached to the cylinder 98. The inhaler mouthpiece 
included 8 air inlets, each having a channel (capillary tubes) at a 45 degree angle from the 
mouthpiece to enhance lift off of the medicament powder. The release of the powder from the 
substrate was tested at four different flow rates of air applied to the substrate through the 
mouthpiece; 15, 30, 45 and 57 liters per minute. "Flow rate" indicates the air flow rate used to 
release the medicament from the inhaler. The substrate was weighed after release of the drug 
("sub-drug," which is indicated in mg). The percentage of drug released from the substrate 
("%drug") was determined using the weight of the drug left after release and the weight of the 
drug before release. "HumidVtemp" indicates the percentage of humidity and ambient 
temperature (degrees Farenheit) at the time of the testing. The results are shown in Tables 1-2 
below. Table 3 summarizes the data in Tables 1-2 by providing the average percentage of 
medicament release for each of the three flow rates, and the standard deviations. The data in 
Table 3 is depicted graphically in Figure 2F. 
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Example 2. Comparison of Modified Substrate to Unmodified Substrate 



Approximately 50 mg dots of inhalation medicament were deposited on a 2 cm 
polypropylene substrate using the ion printing process described in Serial No. 08/471,889 
("Methods and Apparatus for Electrostatically Depositing a Medicament Powder Upon 
Predefined Regions of a Substrate," filed June 6, 1995). The weight of the medicament was 
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verified using a microbalance. 

The release of medicament from an inhaler substrate having medicament deposited 
thereon was tested using the apparatus shown in Figure 9. Referring to Figure 9, air flow was 
generated through the use of a vacuum (not shown) attached to tubing 97, which was in turn 
attached to a cylinder 98, for attachment to an inhaler mouthpiece (not shown). The 
mouthpiece including 8 air inlets, each having a channel (capillary tubes) at 45 degree angles to 
the mouthpiece. A flow meter 99 was used to measure the rate of air flow. Three samples of 
each of two different substrates were tested, the first substrate having a grooved surface, as 
shown in Figure 3, and the second substrate having an unmodified planar surface. Both 
substrates were made of polypropylene. The results of the testing arc shown in Table 4 below. 



Table 4 



Sample number 


% medicament released 
from grooved substrate 


% medicament released 
from planar substrate 


1 


80.5 


62 


2 


84 


64.5 


3 


82 


67 


Ave. Value 


82.16 


64.5 


| Standard 
| Deviation 


1.84 


2.5 



The data shown above is depicted graphically in Figure 10, which shows that release of 
the medicament from the substrate with indentations in the form of grooves was much higher 
than the release from an unmodified substrate. 
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We claim: 

1 . An inhaler apparatus having interior surfaces including ( 1 ) an interior surface of a 
mouthpiece and (2) a surface of a substrate with medicament particles deposited thereon, at 
least a. portion of mouthpiece interior surface or the substrate having indentations or raised 
areas defining valleys therein of dimensions and spacings selected to reduce the amount of 
medicament particles that can contact a smooth portion of the surface. 

2. The inhaler apparatus of claim 1, wherein the surface comprising indentations or 
raised areas therein is the substrate with medicament deposited thereon. 

3. The inhaler apparatus of claim 2 f wherein at least a portion of the medicament 
particles are electrostatically charged, and wherein the substrate comprises, or is sufficiently 
adjacent to, a material that generates a sufficient charge image in response to the presence of 
the charged particles to retain the charged particles to the substrate. 

4. The inhaler apparatus of claim 3, wherein the substrate comprises (a) a dielectric 
layer having a first side on which the indentations or raised areas are formed and on which the 
medicament particles are deposited and (b) a conductive layer adjacent to a second side of the 
dielectric layer, which second side is opposite the first side. 

5. The inhaler apparatus of claim 2, wherein, for any portion of the substrate intended 
to release a dosage amount of the medicament, the force adhering at least about a dosage 
amount of particles on said portion is no more than about 5,000g. 

6. An inhaler apparatus for delivering a medicament powder to a treatment subject 
comprising a mouthpiece, the mouthpiece having a wall with an exterior and an interior 
surface, the mouthpiece further comprising multiple air inlets extending from the exterior to the 
interior, the inlets each being in communication with a channel, each channel extending from 
the interior to the exterior of the mouthpiece, and each channel being positioned at an angle of 
about 20 to about 70 degrees from the wall of the mouthpiece. 
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7. The inhaler apparatus of claim 6, wherein the channels are positioned at an angle of 
about 45 degrees from the wall of the mouthpiece. 

8. The inhaler apparatus of claim 6, wherein the channels are substantially cylindrical 
in shape. 

9. The inhaler apparatus of claim 6, wherein the channels are less than about 5 mm in 
diameter. 

10. The inhaler apparatus of claim 6, wherein the interior surface of the mouthpiece 
further comprises indentations or raised areas therein of dimensions selected to reduce the 
amount of medicament particles that can contact a smooth surface of the substrate. 

1 1 . The inhaler apparatus of claim 6, further comprising a shuttering mechanism for 
selectively closing at least one of the air inlets. 

12. A method of manufacturing an inhaler apparatus, comprising: 

(a) providing a substrate having a surface for deposition of medicament, the substrate 
having indentations or raised areas therein, the raised areas having valleys therebetween, the 
indentations and raised areas being of dimensions and spacings selected to reduce the amount 
of medicament particles that can contact a smooth portion of the surface; 

(b) depositing medicament on the substrate; and 

(c) incorporating the substrate into a housing. 

13. The method of claim 12, wherein the deposition is performed electrostatically. 

14. The method of claim 12, further comprising sealing the substrate having 
medicament deposited thereon. 

15. The method of claim 12, wherein the medicament deposited on the substrate has a 
particle size of about one to about fifteen microns. 
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